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REMOTELY HELD NEEDLE GUIDE FOR CT FLUOROSCOPY 

The present invention relates to the art of interactive intra-procedural image-guided 
surgery and interactive pre-procedural surgical planning. It finds particular application in 
conjunction with the planning and implementation stages of minimally invasive stereotactic 
surgical procedures performed in CT imaging systems using a robotic localization device to 
orient an interventional implement such as a biopsy needle, ablation probe, or the like for 
planning and placement of objects or extraction of tissue from within the body of a patient, 
and will be described with particular reference thereto. It is to be appreciated, however, that 
the invention is also applicable to a wide range of imaging equipment and techniques, for 
example ultrasonic and magnetic resonance devices, and to a broad range of minimally 
invasive surgical procedures including many forms of surgery for placing objects at precise 
points within a patient such as interventional radiology procedures and for removing tissue 
from precise locations within the patient during ablation procedures and biopsies. 

It is often desired that interventional medical procedures be as minimally invasive as 
possible. However, it is also desirable to be able to visualize or otherwise know the relative 
positions and/or orientations of surgical tools or devices with respect to surrounding anatomy. 
The latter goal may be achieved by a direct inspection of the anatomy. However, in the case of 
interior anatomy, direct inspection may be more invasive than desired insomuch as additional 
or larger incisions may have to be made to expose or access the interior anatomy for direct 
inspection. 

For example, it is often desirable to sample or test a portion of tissue from human or 
animal subjects, particularly in the diagnosis and treatment of potentially cancerous tumors, 
pre-malignant conditions, and other diseases or disorders. Typically, in the case of tumors, 
when the physician suspects that cancer or an otherwise diseased condition exists, abiopsy is 
performed to determine if in fact cells from the tumor are cancerous or otherwise diseased. 
Many biopsies, such as percutaneous biopsies, are performed with a needle-like instrument 
used to collect the cells for analysis. 

In recent years, the performance of interventional medical procedures such as needle 
biopsies has been enhanced by the use of x-ray imaging, CT scans, continuous CT (CCT), 
magnetic resonance imaging (MRT), fluoroscopy, single photon emission CT (SPECT), 
positron emission tomography (PET), and the like. The imaging equipment allows an 
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interventionalist, such as a radiologist, surgeon, physician, or other medical personnel, to track 
the insertion of interventional devices, such as biopsy needles, in a subject during diagnostic 
and therapeutic proqpdures. While such imaging modalities allow procedures to be performed 
with minimal invasiveness and are helpful to the interventionalist and the patient, they have 
certain drawbacks. 

For example, with some image-guided procedures, e.g., those using CT imaging, the 
tracking of the needle position is not done in real-time. That is to say, a static image is 
obtained and the needle position noted therein. Subsequently, the needle is advanced or 
retracted by a small amount and another static image obtained to verify the new needle 
position. This sequence is repeated as many times as necessary to track the needle's 
progression. Such a procedure tends to be time consuming insomuch as the needle progresses 
by only a short distance or increment between imaging, and needle progression is halted 
during imaging. Moreover, accuracy suffers to the extent that in the interim, i.e., between 
images, the needle's position cannot be visualized. 

With the development of CCT imaging and fluoroscopy, real-time imaging has been 
made possible. In CCT scanning, a rotating x-ray source irradiates the subject continuously, 
generating images at a rate of approximately six frames per second. The use of CCT or 
fluoroscopy by the interventionalist for real-time guidance and/or tracking of the needle during 
biopsies is gaining popularity. As a result, biopsies have become not only more accurate, but 
also shorter in duration. However, because the imaging proceeds continuously, the patient and 
potentially the interventionalist are both exposed to a greater dose of radiation as compared to, 
e.g., non-continuous CT. 

Accordingly, there exists in the prior art a trade-off between the level of radiation 
exposure experienced and real-time visualization of the procedure. That is to say, lower 
radiation exposure is conventionally achieved at the cost of real-time visualization, and 
conversely, real-time visualization is conventionally achieved at the cost of higher radiation 
exposure. 

One problem resides in protecting the interventionalist from radiation exposure. In 
needle biopsies, for example, often the biopsy needle and guide are held within or close to the 
plane of the x-ray radiation so that the needle-tip will reside in the image plane thereby 
permitting continuous tracking. Staying close to the plane of imaging also, more often than 
not, allows for the distance the needle passes through the subject to be minimized. 
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Consequently, this typically results in the interventionalist placing his/her hands in the x-ray 
beam. Theliands of an interventionalist who performs several such procedures per day can 
easily receive a toxic^dose of radiation. Therefore, it is desirable to provide interventionalists 
with a way to perform needle biopsies without the risk of radiation exposure. 

5 A proposed approach to solving the aforementioned problem involves the use of 

automated robot-like mechanical systems which allow the interventionalist to manipulate the 
biopsy needle remotely while keeping hands clear of the x-ray beam. However, such systems 
typically reduce or eliminate the tactile sensations (e.g., pressure and tension forces, shear, 
and/or moment on the needle) otherwise available to an interventionalist directly manipulating 

10 the needle. This is disadvantageous in that interventionalists typically obtain useful 
information from these tactile sensations and rely upon it regarding the procedure. For 
example, they are often able to feel the progress of the needle as it transitions between 
different tissue types, makes contact with bones, punches through skin, etc. The 
interventionalists generally desire this "feel" as they perform biopsies. To trained personnel, it 

1 5 serves as an additional indication of the needle's location. 

Commonly owned U.S. Patent No. 6,245,028 to Furst, et al. addresses the lack of feel 
and interventionalist radiation exposure issues in part. However, the tubular curved needle 
guide disclosed there encloses the biopsy needle and does not provide a means of lateral 
release. It is also not clear if the needle could be driven on a straight path or how the 

20 interventionist could make manual adjustments to steer the needle such as, for example, by 
beveling the tip of the needle should the need arise. In some embodiments of the needle 
biopsy system disclosed there, a master-slave system is used wherein a joystick controlled 
motorized device drives the needle. Failure modes or mechanisms are not discussed in either 
the drive mechanism or in the simulated force feedback system. 

25 The present invention contemplates a new and improved interactive image-guided 

interventional method and system including a remotely held needle guide apparatus for 
enabling radiologists to safely extend their reach into the active region of a CT aperture during 
needle insertion under real-time x-ray CT fluoroscopy. The present invention overcomes the 
above-referenced problems arising in the prior art techniques and others as will become 

30 apparent to those skilled in the art. 
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In accordance with one aspect of the present invention, a guide apparatus is provided 
for use with an associated imaging device to direct movement of an associated interventional 
implement relative t<^ a patient disposed on the imaging device. The guide apparatus includes 
a connector portion for coupling the guide apparatus with the associated imaging device, a 
5 main body portion, a gripping area, and a holding area. The main body portion is supported 
relative to the associated imaging device by the connector portion. The gripping area is 
formed at a first end of the main body portion and is adapted for manual gripping by an 
associated human operator of the subject guide apparatus. The holding area is formed at the 
second end of the main body portion and is adapted to hold the associated interventional 
10 implement in an orientation suitable for motion relative to the patient along a selected linear 
path. The holding area is operative to translate the associated interventional implement along 
the selected linear path in response to manual force applied by the associated human operator 
at the gripping area. 

In accordance with another aspect of the invention, a system is provided for inserting a 
1 5 medical device into a patient. The system includes an imaging device scanning the patient to 
generate a volumetric image data set of the patient. A human readable display device is 
provided for displaying an image of the patient derived from the volumetric image data set. 
Means are provided for selecting a virtual trajectory defining a path for inserting the medical 
device into the patient. Robotic means are provided on the imaging device, the robotic means 
20 being movable into selected positions relative to the imaging device. A guide apparatus is 
disposed on the robotic means, the guide apparatus being adapted to direct movement of the 
medical device relative to the patent. 

In accordance with yet a further aspect of the invention, the imaging device is a CT 
scanner, an MRI scanner, a CCT scanner, a fluoroscope, a SPECT scanner, a PET scanner, or 
25 a combination of the foregoing. 

In accordance with yet a further aspect of the invention, the medical device is a tissue 
ablation probe or a biopsy needle. 

In accordance with a still further aspect of the invention, the guide apparatus includes a 
connector portion having a linear slide joint for movement of the guide apparatus along a 
30 single linear trajectory. 

One advantage of the present invention is that it guards against excessive radiation 
exposure to both the interventionist and the patient. 
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Another advantage of the present invention is that it provides tactile feedback to the 
interventionist. 

Yet another^dvantage of the present invention is that it permits the interventionist to 

continually monitor and/or visualize the progression of the procedure via a virtual view of the 

5 same while continuously obtaining real-time images of the actual procedure for verification. 

Still further advantages and benefits of the present invention will become apparent to 
# 

those of ordinary skill in the art upon reading and understanding the following detailed 
description of the preferred embodiments. 

10 

The invention may take form in various components and arrangements of components, 
and in various steps and arrangements of steps. The drawings are only for purposes of 
illustrating preferred embodiments and are hot to be construed as limiting the invention. 

FIGURE 1 is a diagrammatic illustration of an image-guided interventional medical 
15 procedure system in accordance with aspects of the present invention; 

FIGURE 2 shows a robotic arm supporting a remotely held needle guide apparatus 
carrying a biopsy needle in accordance with aspects of the present invention; 

FIGURE 3 is a perspective view showing the remotely held needle guide apparatus 
formed in accordance with aspects of the present invention; 
20 FIGURES 3 A and 3B are elevational views showing a preferred embodiment of a 

needle holder portion of the needle guide device of FIGURE 3; 

FIGURES 4A and 4B are partial cross-sectional views of a linear guide mechanism of 
the remotely held needle guide apparatus of FIGURE 3; 

FIGURE 5 is a virtual planning view in accordance with aspects of the present 
25 invention for interventional medical procedures; and, 

FIGURE 6 is a block diagram showing the preferred operation of the image-guided 
interventional medical procedure system in accordance with aspects of the present invention. 

30 With reference to FIGURE 1, an image-guided interventional medical 

procedure system 10 includes a diagnostic imaging apparatus 100 capable of generating 
medical diagnostic images of a subject 20. Optionally, the imaging apparatus 100 is an x-ray 
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imaging device, CT scanner, CCT scanner, MRI scanner, fluoroscope, SPECT scanner, PET 
scanner, a tombination of the foregoing or the like. 

In the illustrated preferred embodiment, the diagnostic imaging apparatus 100 is a CT 
scanner having a stationary gantry 110 which defines a central examination region 112. A 
5 rotating gantry 1 14 is mounted on the stationary gantry 1 10 for rotation about the examination 
region 112. A source of penetrating radiation 120, such as an x-ray tube, is arranged on the 
rotating gantry 1 14 for rotation therewith. The source of penetrating radiation produces a beam 
of radiation 122 that passes through the examination region 112 as the rotating gantry 114 
rotates. A collimator and shutter assembly 124 forms the beam of radiation 122 into a thin fan- 
10 shape and selectively gates the beam 122 on and off. Alternately, the radiation beam 122 is 
gated on and off electronically at the source 120. Using an appropriate reconstruction 
algorithm in conjunction with the data acquired from the CT scanner, images of the subject 20 
therein are selectively reconstructed. 

A subject support 130, such as an operating table, couch or the like, suspends oi- 
ls otherwise holds the subject 20 received thereon, such as a human or animal patient, at least 
partially within the examination region 112 such that the thin fan-shaped beam of radiation 
122 cuts a cross-sectional slice through the region of interest of the subject 20. 

In the illustrated fourth generation CT scanner, a ring of radiation detectors 140 is 
mounted peripherally around the examination region 112 on the stationary gantry 110. 
20 Alternately, a third generation CT scanner is employed with an arc of radiation detectors 140 
mounted on the rotating gantry 114 on a side of the examination region 112 opposite the 
source 120 such that they span the arc defined by the thin fan-shaped beam of radiation 122. 
Regardless of the configuration, the radiation detectors 140 are arranged to receive the 
radiation emitted from the source 120 after it has traversed the examination region 112. 
25 In a source fan geometry, an arc of detectors which span the radiation emanating from 

the source 120 are sampled concurrently at short time intervals as the source 120 rotates 
behind the examination region 112 to generate a source fan view. In a detector fan geometry ? 
each detector is sampled a multiplicity of times as the source 120 rotates behind the 
examination region 112 to generate a detector fan view. The paths between the source 120 and 
30 each of the radiation detectors 140 are denoted as rays. 

The radiation detectors 140 convert the detected radiation into electronic projection 
data. That is to say, each of the radiation detectors 140 produces an output signal which is 
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proportional to an intensity of received radiation. Optionally, a reference detector may detect 
radiation which has not traversed the examination region 112. A difference between the 
magnitude of radiation received by the reference detector and each radiation detector 140 
provides an indication of the amount of radiation attenuation along a corresponding ray of a 
sampled fan of radiation. In either case, each radiation detector 140 generates data elements 
which correspond to projections along each ray within the view. Each element of data in the 
data line is related to a line integral taken along its corresponding ray passing through the 
subj ect being reconstructed. 

With each scan by the CT scanner, the image data from the radiation detectors 140 is 
collected and reconstructed into image representations of the subject 20 in the usual manner. 
For example, a data processing unit incorporated in a workstation and/or control console 150 
collects the image data and reconstructs the image representation therefrom using rebinning 
techniques, convolution/backprojection algorithms, and/or other appropriate reconstruction 
techniques. In a preferred embodiment, the image representations corresponding to the cross- 
sectional slice traversed by the thin fan-shaped beam of radiation 122 through the region of 
interest of the subj ect 20, are displayed on a human viewable display, such as a video monitor 
152 or the like, which is also part of the console 150. Several preferred views are illustrated in 
FIGURE 5 and will be described in greater detail below. The control console 150 is optionally 
remotely located with respect to the imaging apparatus 100 (e.g., in a shielded room adjacent 
the scanning room containing the imaging apparatus 100) and typically it includes one or more 
monitors 152, a computer or data processing hardware and/or software, one or more memories 
or other data storage devices, and one or more standard input devices (e.g., keyboard, mouse, 
trackball, etc.). 

With reference to FIGURE 2-4B, and continuing reference to FIGURE 1, in a 
preferred embodiment, the image-guided interventional medical procedure system 10 also 
includes a robotic arm 190 preferably carried on the stationary gantry 110. The robotic arm 
190 supports a remotely held needle guide apparatus 200 carrying an interventional implement 
or other like medical device 191 e.g., an ablation probe or a biopsy needle 192 at a desired 
location and trajectpry. The medical device 191 is supported within the examination region 
112 as shown. The robotic arm 190 is preferably a fully adjustable multi-jointed multi- 
segmented arm with each joint having at least one degree of freedom. As will be described in 
greater detail later herein, amedical device 191, preferably the ablation probe or biopsy needle 
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192, is held by the needle guide apparatus 200 (as best seen in FIGURE 3). Accordingly, by 
appropriately arranging the robotic arm 190 (i.e., flexing or otherwise adjusting the multiple 
joints and/or segments, but preferably by executing a program which aligns the arm to the 
planned trajectory and by appropriately positioning the subject 20 and the robotic arm 190 

5 relative to one another, any arbitrary position and/or orientation of the biopsy needle 192 
relative to the subject 20 is achieved as desired. Preferably, the position and/or orientation of 
the medical device 191 defines a physical path coincident with the virtual planned trajectory. 

With particular reference to FIGURE 3, the remotely held needle guide apparatus 200 
includes a connector portion 210 for coupling the guide apparatus 200 with the associated 

10 imaging device 100, preferably to the distal end 194 of the robotic aim 190. In its preferred 
form, the connector portion 210 includes a prism joint linear slider mechanism 212 having a 
single degree of freedom. 

A main body portion 220 of the needle guide apparatus 200 is supported relative to the 
associated imaging device 100 by the connector portion 210. A gripping area 230 is formed at 

1 5 a first end 222 of the main body portion 220. The gripping area 230 is provided to adapt the 
needle guide apparatus 200 for manual gripping by an associated interventionist. A medical 
device holding area 240 is formed at a second end 224 of the main body portion 220 as 
illustrated. The holding area 240 is adapted to hold an associated interventional implement 
such as a biopsy needle 192 in an orientation suitable for motion relative to the patient 20 

20 along a selected linear path P. The implement holding area 240 is operative to translate the 
associated interventional tool 192 such as an ablation probe or a biopsy needle 192 along a 
linear path, selected in a manner to be described in greater detail below, in response to manual 
force provided by the associated interventionist at the gripping area 23 0. La that manner, force 
applied by the interventionist at the gripping area 230 in the direction A urges the main body 

25 portion 220 to translate along a linear path B as constrained by the single degree of freedom 
connector portion 210. This in turn causes the holding area 240 to similarly move in a linear 
path C. It is to be appreciated that each of the linear paths A, B, and C traversed by portions 
of the needle guide apparatus 200 lie or extend in parallel with the path defined by the single 
degree of freedom connector portion 210. The connector portion 210 is preferably a linear 

30 slider prism joint although any suitable mechanism which restrict movement to a single linear 
path could be used as well. 
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In connection with the above, it is further to be appreciated that, preferably, the 
associated interventional implement 192 is held in a relationship relative to the patient 
disposed on the patient support along a linear path P which lies identically parallel with the 
linear paths A, B, and C traversed by the needle guide apparatus 200 as constrained by the 
linear slider prism joint 212. To that end, the holding area 240 includes a needle holder 
portion 250 which is adapted to hold the implement 192 in an orientation suitable for motion 
relative to the patent 20 along the planned trajectory P. Preferably, the needle holder portion 
250 is biased in an open position by the gripping area 230 or through other means so that the 
needle 192 is held firmly in place only through the active participation of the interventionist. 
In that sense, the needle holder 250 formed in the holding area 240 is "failsafe" and preferably 
releases from the grip of the guide apparatus 200 when active physical control over the 
apparatus is discontinued by the interventionist. Prior art systems such as robotic or other 
direct mechanical needle feeding apparatus do not enjoy this benefit and therefore pose a 
potential risk to the patient. At least a substantial portion of the needle holder 250, and part of 
the second end 224 as desired, is preferably formed of an x-ray transmissive material to 
prevent scattering for easier visualization of the interventional process. An acrylic material is 
preferred for use in the needle holder area of the subject apparatus. However, any other 
suitable easily sterilizable x-ray transmissive material can be used as desired. Also, the needle 
holder 250 may be coated with an x-ray transmissive material to enhance the grip of the holder 
on the tool 192 as desired. 

FIGURES 3A and 3B show an alternative preferred embodiment of the subject 
needle holder 250' including a set of tweezers-like arm portions 251, 252, and 253 adapted to 
grip the needle portion 193 of the biopsy needle 122 in a V-shaped groove 254 formed 
thereby. It is to be appreciated that the V-shaped groove enables needles or probes having a 
variety of diameters to be held by the holder while maintaining a single common central axis 
line relative to the needle guide apparatus 200. Although three arm portions are shown, more 
arms having a similar configuration can be used as well for added precision and stability. In 
the form shown, the uppermost arm portion 251 and the lowermost arm portion 253 are 
adapted to engage the needle 193 on an opposite side from the central arm portion 252. Each 
of the arm portions overlie each other in the vertical, or needle, direction so that the 
confronting arm portions can overlap in the vertical direction without mechanically interfering 
with each other for grasping needles having a small diameter. For larger needles, the arm 
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portions 251-253 do not overlap while in the grasped orientation, but rather engage the needle 
193 at linear contact points established by the V-groove areas 254 such as illustrated in 
FIGURE 3B. ^ 

FIGURE 4A illustrates a cross-sectional view of the connector portion 210 of the 

5 subject guide apparatus 200. In the embodiment illustrated, the connector portion 210 
includes a linear slider 260 including an internal spring mechanism 262 to bias a lower end 
264 of the connector portion supporting the main body 220 of the apparatus 200 against 
gravity relative to the distal end of the robot arm 190. In its preferred form, the spring 
mechanism 262 has adequate spring force to compensate for the overall weight of the guide 

10 apparatus 200. In that way, the guide apparatus is held in an unextended position until the 
interventionist actively pushes downwardly on the holding area 230. Preferably, as illustrated 
in FIGURE 3, the holding area 230 includes a set of stirrup-like handles 266 held in a 
selectable angular relationship relative to the first end 222 of the main body portion 220. A set 
of large wing-nuts 268 or the like are provided for adjustment for ease and convenience of use. 

15 FIGURE 4B shows a cross-sectional view of another embodiment of the subject 

connector portion 210 in the form of a prism joint 270. As with the linear slide joint 260 
discussed above, the prism joint 270 permits only single degree of freedom movement. Thus, 
the joint provides for translation of the apparatus 200 and of the interventional biopsy needle 
192 only along the planned trajectory P. 

20 Preferably, in each of the connector areas 210 described above, a position feedback 

device 280 is provided for deriving a virtual display of the location of the biopsy needle 192 
relative to the patient during an interventional procedure such as shown in FIGURE 5. To that 
end, as the surgeon exerts manual force against the holding area of the apparatus, the needle is 
driven into the patient and feedback of needle movement relative to the distal end of the robot 

25 arm is provided to the scanner by the feedback device. Preferably, a resolver is provided using 
a gear connection or the like disposed between the fixed and movable parts of the apparatus 
200. However, a slide scale, linear wiper, or other such device can be used as well. 

In accordance with a preferred embodiment, a diagnostic medical image or images of 
the region of interest of the subject 20 are obtained prior to conducting the interventional 

30 medical procedure. For example, where the procedure of interest is a tissue ablation procedure 
or a biopsy, pre-procedural or pre-operative images are obtained including axial slices or 
views which contain or are near the tumor or diseased anatomy. Optionally, the pre-operative 
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images or image data is obtained with the imaging apparatus 100, or another diagnostic 
medical imaging device. Using the pre-operative image data, the interventionalist or other 
medical personnel plan the procedure via a virtual procedure planning system and/or method. 
The preferred example of virtual procedure planning is found in commonly owned U.S. Patent 
No. 6,064,904 to Yanof, et al. which is included herein. 

With reference to FIGURE 5, the virtual procedure planning results in an image or 
images of the region of interest including superimposed therein a virtual surgical instrument, 
e.g., a virtual ablation probe or a virtual biopsy needle 300, which is moved on the screen 
using a mouse pointer or the like to desired orientation and position relative to the pre- 
operative images obtained. That is to say, the pre-operative images visualize the anatomy of 
interest 310, and via the virtual planning, a virtual needle 300 or other medical instrument is 
superimposed or otherwise incorporated therein at the desired position and trajectory for 
carrying out the procedure. In the illustrated embodiment, the virtual needle 300 is defined by 
an entry or percutaneous insertion point 302, a target point 304 and/or depth-to-target reading 
305, and a needle trajectory 306 connecting the two points and/or an angulation reading. 
Collectively, the pre-operative or pre-procedural images with the virtual surgical or medical 
instrument depicted therein are referred to herein as the virtual and/or planning views 290-294. 
In a preferred embodiment, the virtual planning views include the virtual needle 300 
superimposed on a transverse axial slices or oblique plane containing the needle's trajectory. 
Using multi-planar reformatted (MPR) views, the needle's trajectory 306 is tracked in the 
virtual planning view regardless of whether or not it is in the transverse axial plane. That is to 
say, the virtual planning view is optionally generated from volumetric data and it can therefore 
show the complete trajectory of the virtual needle 300 for any arbitrary orientation, unlike the 
actual images generated by the CT scanner which can for the most part only readily obtain 
images of the transverse axial view. Accordingly, where the needle trajectory is not co-planar 
with the transverse axial view, visualization of the complete needle trajectory is not lost. 

The virtual planning views are preferably loaded and/or maintained on the workstation 
or control console 150, or alternately, it is maintained on a separate computer, workstation or 
console from which it may be displayed and/or viewed by the interventionalist. 

With reference to FIGURE 6 and continuing reference to the preceding figures, an 
exemplary intra-operative procedure employing the system 10 will now be described. For 
purposes of this example, the procedure is a biopsy. Having appropriately positioned the 
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subject or patient 20 within the examination region 112 of the imaging apparatus 100, the 
robotic arm 190 holding the biopsy needle 192 in the needle holder portion 250 of its gripper 
240 is initially positioned and/or arranged such that the needle 192 corresponds to the virtual 
needle 300 in the virtual planning view, i.e., such that the actual needled tip registers with the 

5 entry point 302 and the actual needle's orientation matches the planned trajectory 306. 
Preferably, the robotic arm 190 automatically moves to its initial positioning and/or 
arrangement based upon position and orientation command signals generated by a program 
and derived from the virtual planning view constructed by the operator and maintained in the 
control console 150. That is to say, the interventionalist or other operator sends (from the 

1 0 control console or otherwise) the virtual planning view or data to a robot controller 400 which 
controls the movement of the robotic arm 190 into the desired position and orientation 
accordingly. The robot controller 400 is optionally a dedicated processor or processing unit, 
incorporated in the control console, or otherwise. 

The interventionalist then physically uses the needle guide apparatus 200 to drive the 

1 5 actual needle 192, i.e., selectively advance and/or retract the needle 192 along its (the planned) 
trajectory during active CT fluoroscopy. That is to say, by manipulating the handle 266 of the 
guide apparatus 200, the interventionalist imparts a desired amount or degree of movement of 
the needle 192. This movement is measure by the feedback device 280 which generates a 
signal responsive or proportional thereto. The signal is communicated to a virtual view 

20 processing unit 410. The virtual view processing unit 410 updates the position of the virtual 
needle 300 in the virtual planning view display on the monitor 152 by advancing and/or 
retracting the virtual needle 300 along the planned trajectory 306 in accordance with the 
amount indicated by the feedback signal 281. Preferably, the virtual processing unit 410 
continually updates the virtual planning view in this manner as the feedback signal varies due 

25 to manipulations of the needle guide apparatus 200. Additionally, the feedback signal maybe 
used to update the real-time CT fluoroscopy image/view (not shown) as desired. This would 
be useful when the real-time view update period is large. The attenuated needle image would 
be shown with a virtual needle appendage, the size of which is representative of a difference 
between the needle depth from the prior CT fluoroscopy update and the position signal derived 

30 from the feedback device 280. 

As with the robot controller 400, the virtual processing unit 410 is optionally a 
dedicated processor or processing unit, incorporated in the control console 150, or otherwise. 
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Optionally, the advancement and/or retraction of the virtual needle 300 is indicated in the 
virtual view by: adjusting the depth-to-target reading; selectively switching portions of a line 
between a dashed, 4ptted or otherwise broken line which represents the remaining trajectory 
306 not occupied by the needle, and a solid line representing the virtual needle 300; both of 
the foregoing; or otherwise as appropriate. In this manner, the interventionalist can visualize 
the progression of the procedure without having to continually image the patient 20, and 
hence, expose the patient 20 continually to the radiation beam 122. 

As described, in addition to monitoring the progress of the procedure via the virtual 
view, the interventionalist may intermittently, as desired or upon demand, conduct an intra- 
operative imaging experiment 900 with the imaging apparatus 100 to obtain a real-time image 
which visualizes the actual procedure. Herein, these intra-operative images are referred to as 
the actual view. Insomuch as the imaging is intermittent, the radiation exposure to the patient 
20 is less than the exposure that would otherwise be experienced if the patient 20 were being 
continually imaged. Preferably, the actual view is displayed on the monitor 1 52 alongside the 
virtual view. Accordingly, the interventionalist may consult the periodically updated actual 
view and reference it against the continually updated virtual view to ensure that the actual 
procedure is in fact progressing as indicated in the virtual view. 
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